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Grid resulting from bisection
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As you increase the ‘depth’ of tracked macroparticle in action J, the central area
becomes increasingly whiter, proving the particles survived.
ReS u Itl n g DA Some parts of the central region appear less white because of the average between
phase planes because some planes have no data at this (6,J) position.
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Reduction to one RF section

From 4 RF cavities at 400MHz evenly distributed in the ring (one in each straight
section) to 1 RF section including 400 MHz RF cavities and 800 MHz RF cavities.



Normalised amplitude Ax(¢)

Normalised amplitude Ax(¢)

Single RF section for the LCC lattice (nominal)

LCC_V24.3 | Eveam=182.5 GeV, lpeam=5MA (N=2.02E+11ppb), 50 turns LCC_V24.3 | Eveam=182.5 GeV, lpeam=5MA (N=1.77E +11ppb), 50 turns
&=2.12nm.rad, €,/€x = 2%eo, 05=0.148%, 0,=1.8mm, B;vy={1.00m, 1.6mm} &=2.12nm.rad, €,/&x = 2%, 05=0.148%, 0,=2.1mm, B;‘y={1.00m, 1.6mm}
Vi 400]800MHZ=2.10GV|9.20GV, Quy;s={350.205, 266.294, 0.115}, Crab waist=40% V,r 400]800MHZ=1.87GV8.19GV, Qujs={350.205, 266.294, 0.095}, Crab waist=40%
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LCC_V24.3 | Epeam=182.5 GeV, lpeam=5mA (N=1.77E+11ppb), 50 turns LCC_V24.3 | Epeam=182.5 GeV, lheam=5mA (N=l.77Ej—llppb). 50 turns
€x=2.12nm.rad, /e, = 2%o, 05=0.148%, 0,=1.9mm, B; ,={1.00m, 1.6mm} €x=2.12nm.rad, &y/ex = 2%o, 05=0.148%, 0;=2.4mm, B, ,={1.00m, 1.6mm} A= 8.8e-6
V/r 400|800MHz=2.00GV|8.74GV, Quy(s={350.205, 266.294, 0.107}, Crab waist=40% Vrr 400|800MHz=1.78GV|7.82GV, Quy;s={350.205, 266.294, 0.084}, Crab waist=40%
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MA comparison between SAD &
Xsuite for the GHC lattice and
against LCC lattice
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FCCee_z 685 nosol_2.sad
& =.7nm, &/&, = 0.20%, 7 = 0.039%, o, = 5.6 mm,
By = (11 m, Tmm), v, = (218.1585,222.2003, -0.0289), Crab Waist = 70%
2400 turns, Damping: each element, Touschek Lifetime: 99357 sec @ N = 1 x 10"
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FCCee h_ 605 nosol_2.sad
&y =.66nm, £ /&, = 0.20%, o, = 0.102%, o, = 3.3mm,
oy = (24m, 1 mm), vy = (398.1496, 398.2199, ~0.0334), Crab Waist = 50%
130 turns, Damping: each element, Touschek Lifetime: 6.91 x 10° sec @ N = 1 x 10'?
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Normalised amplitude Ax(¢)

Normalised amplitude A(¢)

GHC V24 | Epeam=45.6 GeV, lpeam=1282mA (N=2.16E+11ppb), 512 turns
€x=0.70nm.rad, €,/ex = 2%eo, 05=0.039%, 0,=5.5mm, B:'y:{o.lom, 0.7mm}
V+400|800MHz=0.08GV|0.00GV, Qxjs={218.156, 222.197, 0.029}, Crab waist=70%
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GHC V24 | Epeam=120.0 GeV, lpeam=26mA (N=1.70E+11ppb), 150 turns
£,=0.66nm.rad, £,/¢, = 2%o, 05=0.104%, 0,=3.2mm, B:vy:{0.24m, 1.0mm}
Vs 400[800MHz=2.09GV|0.00GV, Qyjy;s={398.138, 398.208, 0.033}, Crab waist=50%
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FCCee.w.685.n0so0l.9.sad
& =2.16nm, &,/&, = 0.20%, o, = 0.069%, 0. = 3.5mm,
By = (22m, 1 mm), v,,. = (218.1854,222.2203, -0.0809), Crab Waist = 55%
440 s, Damping: each element, Touschek Lifetime: 3.91 x 10° sec @ N = 1 x 10'°
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FCCee.t.685n0so0l.13.sad

&= 1.51nm, &, /&, = 0.20%, o, = 0.152%, 0. = 1.9 mm,
By = (.88 m, L36 mm), v, . = (398.1477,398.2153, -0.0888), Crab Waist = 40%
40 turns, Damping: each element, Touschek Lifetime: 7.76 x 107 sec @ N = 1 x 10'°
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Normalised amplitude Ai(¢)

Normalised amplitude Ai(¢)

GHC_V24 | Epeam=80.0 GeV, lpeam=135mA (N=1.38E+11ppb), 500 turns
gx=2.16nm.rad, € /e, = 2%o, 05=0.069%, 0,=3.5mm, B:’y={0.22m, 1.0mm}

V£ 400|800MHz=1.00GV|[0.00GV, Qy,s={218.183, 222.218, 0.081}, Crab waist=55%
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GHC_V24 | Epeam=182.5 GeV, lpeam=5mA (N=1.47E+11ppb), 50 turns
gx=1.51nm.rad, € /g, = 2%o, 05=0.157%, 0,=1.8mm, B:vy={0.88m, 1.4mm}

Vs 400|800MHz=2.10GV|9.20GV, Qx},s={398.138, 398.208, 0.089}, Crab waist=40%
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Comparison GHC vs. LCC @ Z energy

LCC_V24.3 | Epeam=45.6 GeV, lpeam=1456mA (N=2.45E+11ppb), 512 turns
£,=0.69nm.rad, sy,fsx = 2%o0, 0;=0.037%, 0,=5.2mm, B;Y:{O‘IOm, 0.7mm}
Vs 400|800MHz=0.08GV|0.00GV, Qys={198.200, 174.299, 0.030}, Crab waist=80%
100

GHC_V23 | Epeam=45.6 GeV, lpeam=1278mA (N=2.16E+11ppb), 512 turns
€x=0.70nm.rad, €,/€x = 2%o, 05=0.039%, 0,=5.5mm, B;‘y={0410m, 0.7mm}
V,r 400/800MHz=0.08GV|0.00GV, Qy)ys={218.156, 222.199, 0.029}, Crab waist=70%
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GCJ LCC_V24.3 | Epeam=45.6 GeV, lpeam=1456mA (N=2.45E+11ppb), 512 turns GHC_V23 | Epeam=45.6 GeV, lpeam=1278mA (N=2.16E+11ppb), 512 turns
b.D £,=0.69nm.rad, g,/e; = 2%o, 65=0.037%, 0,=5.2mm, B;‘y:{O.IOm, 0.7mm} €,=0.70nm.rad, &/e, = 2%o, 05=0.039%, 0,=5.5mm, B, ,={0.10m, 0.7mm}
© Vir 400|800MHz=0.1GV[0.0GV, Qx,js={198.200, 174.299, 0.030}, Crab waist=80% V,+ 400|800MHz=0.08GV|0.00GV, Qy;s={218.156, 222.199, 0.029}, Crab waist=70%
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Comparison GHC vs. LCC (opti) @ Z energy

LCC_V24.3 | Epeam=45.6 GeV, lpeam=1456mA (N=2.45E+11ppb), 512 turns

x=0.69nm.1ad, £/t = 2%o, 05=0.037%, 0;=5.3mm, B, ={0.10m, 0.7mm} GHC_V23 | Epeam=45.6 GeV, lpean=1278mA (N=2.16E+11ppb), 512 turns
Vyr 400]800MHz=0.08GV|0.00GY, Qujs={198.200, 174.299, 0.030}, Crab waist=80% £x=0.70nmrad; &yfey =2, 0;=0,039%; 05=5.3mm; B,y=10,10m;.0./mm}
100 V,r 400|800MHz=0.08GV|0.00GV, Qyy;s={218.156, 222.199, 0.029}, Crab waist=70%
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Comparison GHC vs. LCC @ tt energy

LCC_V24.3 | Epeam=182.5 GeV, lpeam=5mA (N=2.02E+11ppb), 50 turns GHC_V24 | Epeam=182.5 GeV, lpeam=5mA (N=1.47E+11ppb), 50 tums
ex=2.12nm.rad, € /ex = 2%, 0,=0.148%, 0,=1.8mm, B;Iy={l.00m, 1.6mm} g,=1.51nm.rad, g,/ex = 2%, 05=0.157%, 0,=1.8mm, B, ,={0.88m, 1.4mm}
V,r 400|800MHz=2.10GV|9.20GV, Qyy;s=1{350.205, 266.294, 0.115}, Crab waist=40% V¢ 400|800MHz=2.10GV|9.20GV, Qy,js={398.138, 398.208, 0.089}, Crab waist=40%
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LCC_V24.3 | Epeam=182.5 GeV, lpeam=5MA (N=2.02E+11ppb), 50 turns GHC_V24 | Epeam=182.5 GeV, lpeam=5MA (N=1.47E+11ppb), 50 turns
g€,=2.12nm.rad, €,/e, = 2%o, 0;=0.148%, 0,=1.8mm, B ,={1.00m, 1.6mm} ex=1.51nm.rad, €,/e, = 2%o, 05=0.157%, 0,=1.8mm, B; ={0.88m, 1.4mm}
V,r 400|800MHz=2.10GV|9.20GV, Qxys={350.205, 266.294, 0.115}, Crab waist=40% Vi 400|800MHz=2.10GV|9.20GV, Qyjs={398.138, 398.208, 0.089}, Crab waist=40%
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MA comparison between SAD
and Xsuite for the LCC lattice



Differences between Xsuite and SAD
(CW=0%)

* | spotted differences (in the converted MADX file, Oide-san sent me)
in which the variable cs_comp is not used and the decapoles not
defined.

* It could explain the differences observed with and without crab waist
as the decapoles are turned on also without crab walst

LCC_V24.3 | Epeam=45.6 GeV, lpeam=1456mA (N=2.45E+11ppb), 900 tur ee 2 strength_cw off 240506.sad
& = .69 &ylex = 0.20%, =0.03 7% =5.3mm,
£,=0.69nm.r d / = 2%o, —O 037%, 0,=5.3mm, |3 ={0.10m, O7mm} £, = (1m, 7 ), V”.: 2 (1982001, 7 3001, 00 96). No Crab Waist
V,r 400|800MHz=0.08GV|[0.00GV, Qy;s={198.200, 174.299, 0-030}, Crab waist=0% turns, Damping: each ele ouschek Lifetime: 273689 sec @ N = 1 x 10'¢
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Differences between Xsuite and SAD
(CW=80%)

* | spotted differences (in the converted MADX file, Oide-san sent me)
in which the variable cs_comp is not used and the decapoles not

defined.

* It could explain the differences observed with and without crab waist
as the decapoles are turned on also without crab walst

LCC_V24.3 | Epeam=45.6 GeV, lpeam=1455mA (N=2.45E+11ppb), 512 tur

=0.69nm.ra d ,' = 2%, 70037/ 0,=5.2mm, B; ,={0.10m, 07mm] 69nm / 020‘7 = 0.037%, o, = 5.3mm,
;'V=(.]m,.7mm) ( 98 00 00 00 96) Crab Waist = 80%

B
1500 turns, Damping h ler h k ifet 11023 sec @ N 1x 10"

Vre 400|800MH DOYGV|U 00GV, Qus={198.200, 174.299, 0030} Crab waist=80%
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MA study comparison between
relaxed vs. nominal optics

-- GHC lattice detuned to 8" = 0.33m & 6" =7 mm
-- LCC lattice detuned to 8”,= 0.30m & 8" =7 mm



Momentum Acceptance of the relaxed optics

Normalised amplitude A,(¢)

Normalised amplitude A.(¢)

LCC_V24.3 | Epeam=45.6 GeV, lpeam=1456mA (N=2.45E+11ppb), 512 turns
£,=0.69nm.rad, /e, = 2%eo, 05=0.037%, 0;=5.2mm, B;.y={0.10m, 0.7mm}
Vi 400|800MHz=0.1GV|0.0GV, Quys={198.200, 174.299, 0.030}, Crab waist=80%
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LCC_V24.3 | Epeam=45.6 GeV, lpeam=1456mA (N=2.45E+11ppb), 512 turns
€x=0.68nm.rad, &,/e, = 2%o, 05=0.037%, 0,=5.2mm, B;yy={0.30m, 2.5mm}
Vi 400|800MHz=0.08GV|0.00GV, Qyys={198.200, 174.300, 0.030}, Crab waist=0%

LCC_V24.3 | Epeam=45.6 GeV, lpeam=1456mA (N=2.45E+11ppb), 512 turns
&,=0.68nm.rad, &,/ex = 2%o, 05=0.037%, 0,=5.2mm, B;Iy={0.30m, 7.0mm}
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LCC_V24.3 | Epeam=45.6 GeV, lpeam=1456mA (N=2.45E+11ppb), 512 turns
&x=0.68nm.rad, &€,/ex = 2%o, 05=0.037%, 0,=5.2mm, B;vy={0.30m, 7.0mm}

V/r 400|800MHz=0.08GV|0.00GV, Qyys={198.200, 174.300, 0.030}, Crab waist=0%
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Normalised amplitude Ax(¢)

Normalised amplitude Ax(¢)

GHC_V24 | Epeam=45.6 GeV, lpeam=1282mA (N=2.16E+11ppb), 512 turns
£,=0.70nm.rad, €,/ex = 2%o, 05=0.039%, 0,=5.5mm, B;vy={0.10m, 0.7mm}
V/f 400|800MHz=0.08GV|[0.00GV, Qx}ys={218.156, 222.197, 0.029}, Crab waist=70%
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GHC_V24 | Epeam=45.6 GeV, lpeam=1282mA (N=2.16E+11ppb), 512 turns
£x=0.70nm.rad, gy/ex = 2%o, 05=0.039%, 0,=5.5mm, B;‘y={0.30m, 7.0mm}
V+ 400|800MHz=0.08GV|0.00GV, Qy,s={218.156, 222.197, 0.029} Crab waist=0%
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Momentum Acceptance of the relaxed optics

LCC_V24.3 | Epeam=45.6 GeV, lpeam=1456mA (N=2.45E+11ppb), 512 turns
£,=0.69nm.rad, /e, = 2%eo, 05=0.037%, 0;=5.2mm, B;.y={0.10m, 0.7mm}
Vi 400|800MHz=0.1GV|0.0GV, Quys={198.200, 174.299, 0.030}, Crab waist=80%

Tccee.z.03.070.1.5ad
& = .67nm, &,/&, = 1.00%, 0z = 0.037%, o7, = 4.9 mm,
Bry = (3m,7mm), vy, = (198.2000, 174.3000, -0.0314), No Crab Waist
2700 turns, Damping: each element, Touschek Lifetime: 1.54 x 10¢ sec @
=1x10"

LCC_V24.3 | Epeam=45.6 GeV, lpeam=1456mA (N=2.45E+11ppb), 512 turns
£x=0.68nm.rad, ey/ey = 2%eo, 05=0.037%, 0,=5.2mm, B;.y={0.30m. 7.0mm}
Vi 400|800MHz=0.08GV|[0.00GV, Qyys={198.200, 174.300, 0.030}, Crab waist=0%

500 r = 7 i i i — i i 500
60— B < e IR e S — 2500 60
s 400 A0 [— BT o N 1 s S 40 SRR 400
< r 1 <
3 [ 7 o)
- o = 20— — s 20 °
2 300 2 E r 10 o 2 300 %
o c L h o c
Py =
5 cs O ] 50 2
o ST T 1 3 200 £
3 2005 & 20k T 1000 2 _20 a
© ~ L ] ©
E _ ] E
[=] L i o
= 100 40 RN — = 40 100
—o— Ax(0) i 500
—o— dx(n/4) ]
-B0[ o Ax(m/2) PO - | g A R — —60 =~ TR T
0 —o— Ax(3r/4) - ] 0 ! | | 0
-15 -1.0 -0.5 0.0 0.5 1.0 1.5 -30 -20 -10 0 10 20 30 -1.00 -0.75 -0.50 -0.25 000 025 050 0.75 1.00
0 [%] 6 [%]
‘ ; : ; . ; ; ; ; Ae/os : : : : .
—-40 -30 -20 -10 0 10 20 30 40 D -20 -10 0 10 20
etuned
s LCC 5108
GHC_V24 | Epeam=45.6 GeV, lpeam=1282mA (N=2.16E+11ppb), 512 turns . GHC_V24 | Epeam=45.6 GeV, lpeam=1282mA (N=2.16E+11ppb), 512 turns
€x=0.70nm.rad, €y/ex = 2%o, 0,=0.039%, 0,=5.5mm, B;vy={0.10m, 0.7mm} From _Imk €,=0.70nm.rad, £,/ex = 2%o, 0,=0.039%, 0,=5.6mm, B;ly={0.33m, 7.0mm}
V,r 400|800MHz=0.08GV|0.00GV, Qy;s={218.156, 222.197, 0.029}, Crab waist=70% V¢ 400|800MHz=0.08GV|0.00GV, Qy,;s={218.156, 222.197, 0.029}, Crab waist=0%
L i i i i i i i 500
500 40 Ax{0) 2250
Ax(rj4) i 40 S I e
Ax(m(2) ] e
s L 400 4x(3/4) ] e ® 400
£ 20 — B e
1] » e ]
E EIRS 10 2 300§
=] 300 > 2 & 2
[} S — 1250 g— &
E 2 > s 0 a
0w o~ 1000 O 2
3 2005 & @ 200 5
= P = 750 <
£ £ —20 S e T
E 500 (Zj E
= 100 ’ ; 100
250 _ 4 - W oo L
1 i 0 0 — 0
1.0 —05 0.0 0.5 1.0 -1.00 -0.75 -0.50 -025 0.00 025 050 0.75 1.00
5 [%] T T 6 [I%] T T
-30 -20 -10 0 10 20 30 Detuned —0.2 —01 0.0 0.1 0.2 17
6 [o3R] GHC 6 [03°]



https://indico.cern.ch/event/1439019/contributions/6061185/attachments/2901118/5087616/Detuned_Optics_Oide_240723.pdf

Summary and outlook

* One RF section: Decreasing by about 5% the total RF voltage of LCC at tt
energy still resultin 3% MA and Q.=0.107. 10% is too much though.

* Xsuite/SAD MA comparison: The MA results for the GHC lattice agree well
with CW. The MA results for the LCC lattice agree well without CW.

* Detuned optics: The MA of the GHC detuned optics goes beyond 400, on-
energy and 100, at +1%, whereas LCC detuned optics goes beyond 600, on-
energy and 200, at +1%.

Outlook:

- Implement the DA/MA with Xsuite as a test in the Gitlab lattice repository, along with SAD?
- Compare Xsuite/SAD MA results for the LCC lattice including decapoles (and cs_comp with CW).

- Implement the optimum magnet strengths for the LCC lattice at ttbar energy.
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